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in any order, and are all such as might be expected in experimental 
results of this nature. Some of the greatest variations were obtained 
in exactly similar experiments performed at different times. 

Tbe mean of all the values of tbe polarisation in this table is 
2*09 volts. 

Tbe rate of fall of tbe polarisation depends on tbe time tbe current 
has been electrolysing tbe solution, and also on its intensity, but in 
every case tbe fall is very rapid at first, being in some cases as mucb 
in tbe first minute as it is in tbe next five minutes, and tbe fall in 
tbe first minute is never less than one-fourtb of the polarisation. 


IV. On the Annual and Semi-annual Seismic Periods.” By 
Charles Davison, M.A., Mathematical Master at King 
Edward’s High School, Birmingham. Communicated by 
Professor J. H. Poynting* F.R.S. Received June 13, 1893. 

(Abstract.) 

Method of Investigation .—Tbe method adopted is similar to that- 
employed by Dr. C. Gr. Knott in bis paper on <e Earthquake 
Frequency.” 

If/(0) be a periodic function of 0, then 
/(0) = a 0 +c&icos (6>-f«i) + a 2 cos (20+« 2 ) + .. e . +a«cos (nO+a tl ) 

+ ••••> 

from which it follows that 

2 C6+it/2 2 (fa 2 a* 

- I /(0) do = a<H-- cos (0+«i)-- cos (30+a s ) + •... 

J e-TT/2 7T -Z7T 

_ . U7T 

2 a n sm—. 

2 

H- COS (n0 + oc n ) -f..... 
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This latter expression gives tbe mean value of f(6 ) through an 
interval tt/ 2 on either side of 0. From it, all terms involving even 
multiples of 0 are eliminated, and tbe coefficients of all terms after 
tbe second are diminished to a greater extent than that of tbe 
second. 

A definition of tbe unit earthquake having been adopted, tbe 
earthquakes of different districts are classified in half-monthly groups, 
tbe first half of February containing fourteen days, and of all tbe 
other months fifteen days; and the numbers so obtained are reduced 
to intervals of equal length (fifteen days). Tbe numbers for the two 
halves of each month are added together. Tbe mean of tbe numbers 
for tbe six months from November to April gives tbe six-monthly 
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mean corresponding to the end of January. Six-monthly means are 
calculated in this way for the end of each month; each mean is 
divided by the average of all twelve, and the difference between each 
quotient and unity is multiplied by the augmenting factor 1*589, in 
order to obtain the correct value of the ratio ai : a 0 . The curve 
obtained by plotting these reduced means thus gives special pro¬ 
minence to the annual period, by eliminating the semi-annual period 
and all those which are fractions of six months, and by diminishing 
the amplitudes of all other periods with respect to that of the annual 
period. 

In investigating the semi-annual period, the numbers corresponding 
to the first halves of January and July are added together, and so 
on; the rest of the method being the same as for the annual period. 
The result gives special prominence to the semi-annual period by 
eliminating the annual period, and by eliminating or diminishing the 
amplitudes of all periods less than six months. 

Seismic Periodicity in relation to Intensity. —This discussion is 
founded on: (1) lists compiled from Mallet’s great catalogue, first, 
of shocks which were so slight as to be just perceptible, and, secondly, 
of those which were strong enough to damage buildings; (2) Pro¬ 
fessor Milne’s classification of the Japanese earthquakes of 1885 to 
1889 according to the areas disturbed by them; and (3) different 
catalogues relating to the same district, it being obvious that two 
such catalogues for the same time can only differ by the omission or 
inclusion of slight shocks. 

The following results are obtained:—(1) In both periods, the 
amplitude is greater for slight than for strong shocks ; (2) there 
appear to be two classes of' slight shocks with an annual period, the 
stronger having their maximum* in winter, the weaker in summer; 
and (3) in the case of the semi-annual period, both strong and slight 
shocks, as a rule, have nearly the same maximum epochs. 

Seismic Periodicity in relation to Geographical Position .—The num¬ 
ber of records examined is 62, 45 belonging to the northern hemi¬ 
sphere, 14 to the southern, and 3 to equatorial countries. 

1. Annual Period. —In every district, and in all but five records 
(which are obviously incomplete),.there is a fairly well-marked annual 
period. As a rule, different records for the same district agree in 
giving the same, or nearly the same, maximum epoch. Excluding, 
however, those which disagree in this respect, we have left 34 records 
for the northern hemisphere, 9 for the southern, and 2 for equatorial 
countries. In the northern hemisphere, 4 records give the maximum 
in November, 16 in December, and 6 in January; in the southern 
hemisphere, 2 in April, 2 in Ma.y, 3 in July, and 2 in August; the 
end of the month being supposed in each case. As a rule, then, the 
maximum epoch occurs in winter in both hemispheres. The ampli- 
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tude of the animal period ranges from 0*05 (New Zealand) to 0*67 
(Sicily and Algeria), the average of 57 records being 0*33. 

2. Semi-annual Period. —Of the 62 records examined, only 3 fail 
to show a semi-annual period, the cause of the failure in these cases 
being no doubt the imperfection of the seismic record. In New 
Zealand and South-east Australia, the maximum epoch generally 
falls either in February or March and August or September ; in 
North America, as a rule, in March or April and September or 
October. But for other regions it does not seem possible as yet to 
deduce any law. The amplitude of the semi-annual period ranges 
from 0*06 (southern hemispliere) to 0*79 (Mexico), the average value 
being 0*24. 

3. In fifteen cases, the amplitude of the semi-annual period exceeds 
that of the annual period. Eleven of these records include the 
following insular districts, which are among the most well-marked 
seismic regions in the world, namely, the Grecian Archipelago, 
Japan, the Malay Archipelago, New Zealand, and the West Indies. 
The average amplitude of the annual period in these eleven cases is 
0*16, and that of the semi-annual period 0*24; i.e,, the average 
amplitude of the annual period is just half that for all the districts 
examined, while in the case of the semi-annual period the average 
amplitudes are the same. 

Origin of the Annual Period. —In this, the concluding, section of 
the paper, an attempt is made to show that the annual change in baro¬ 
metric pressure may be the cause of the annual change in seismic fre¬ 
quency. It would be difficult to prove that such a connexion exists, but 
reasons are given which seem to render it in some degree probable. 

1. The most probable cause of the origin of the majority of non- 
volcanic earthquakes is the impulsive friction, due to slipping, of the 
two rock-surfaces of a fault. Now, whatever be the causes of 
seismic periodicity, it seems probable that they are merely auxiliary, 
and determine the epoch when an earthquake shall take place, rather 
than there shall be an earthquake at all. Professor Gr. H. Darwin 
has shown that the vertical displacement of the earth’s surface by 
parallel waves of barometric elevation and depression is not incon¬ 
siderable, and that it diminishes at first very slowly as the depth 
increases. Since the fault-slip which produces even a moderately 
strong shock must be very small, and since the work to be done in such 
a case is, not the compression of solid rock, but the slight depression 
of a fractured mass whose support is nearly, but not quite, withdrawn, 
the annual range of barometric pressure does not seem incompetent 
to produce the effects observed. 

2. Comparisons between the dates of the maximum epochs of the 
seismic and barometric annual periods are made in 31 of the districts 
treated in this paper. The seismic maximum approximately coincides 
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with the barometric maximum in 10 districts, and follows it by 
about one month in 9, and by about two months in 4, districts; the 
other cases generally admitting of some explanation. 

3. In several insular seismic districts, and especially in Japan and 
New Zealand, the amplitude of the annual period is very small; and, 
if many of the earthquakes of these districts originate beneath the 
sea, this should be the case; for, in the course of a year, as the 
barometric pressure changes, the sea will have time to take up its 
equilibrium position, and thus the total pressure on the sea-bottom 
will be unaltered. 


V. “ Electrical Interference Phenomena somewhat Analogous 
to Newton’s Rings, but exhibited by Waves passing along 
Wires of which a part differs from the rest.” By Edwin 
H. Barton, B.Sc., “ 1851 Exhibition” Science Scholar. 
Communicated by Professor A. W. Rucker, M.A., E.R.S. 
Received May 25, 1893. 

1. In 1891 Mr. V. Bjerknes* showed how to measure the wave¬ 
length and primary damping of the electrical oscillations in a 
Hertzian primary conductor by the use of a special electrometer and 
long parallel wires along which induced oscillations were propagated. 
This form of Hertzian secondary conductor, in which the wires are 
far too long to be in resonance with the primary oscillator, may, 
hereafter in this paper, be referred to as “ the long secondary 99 or 
simply “ the secondary. ” 

2. During the following session Herr von Geitlerf found that, if 
the wires at any part of the long secondary were either 

(1) Replaced by others thicker or thinner than the normal wires, 
or 

(2) Arranged nearer together or further apart than the normal 
distances, 

then in any of these cases, a partial reflection of the electrical waves 
occurred at such place of change in the wires. 

Herr von Greitler then made further observations of what occurred 
when a condenser was attached at a single 'point of each wire, but did 
not quantitatively examine the effect produced on the waves by a 
finite length of the secondary being different from the rest. 

* ‘Wiedemann’s Annalen,’ vol. 44, pp. 513—526, 1891, “ Ueber den Zeitlichen 
Verlauf der Schwingungen im primaren Hertz’schen Leifcer,” von Y. Bjerknes aus 
Christiania. 

t £ Wiedemann’s Annalen,’ vol. 49, pp. 184—195, 1893, “ Ueber Reflexion elec- 
trischer Drahtwellen,” von J. Ritter von Greitler. 



